The behavior of four fibers [polydimethylsiloxane (PDMS), PDMS-divinylbenzene (DVB), carboxen (CAR)-PDMS, PDMS-DVB-CAR), is tested for the analysis of volatile compounds of white and red wine. The PDMS-DVB-CAR fiber is the most
Introduction
Wine aroma is attributable to a large range of molecules coming from diff e rent chemical families (e.g., esters, aldehydes, ketones, terpenes, norisoprenoides, acids, alcohols, and sulfur compounds). Some originate from the grape, and others a re formed during fermentation or during aging. The aroma of wine is determined traditionally by liquid-liquid (1-9) and solid-liquid extraction (10) and dynamic headspace (11) (12) . In recent years, solid-phase microextraction (SPME) was applied for different authors on the study of wine flavor composition (5, 9, (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) .
For liquid samples, the SPME technique can be applied by immersing the fiber into the sample or sampling the headspace (HS). The HS-SPME is recommended for the analysis of complex samples such as the wine (14) (15) (16) . The most important advantages of using this technique are the higher sensitivity for the wine volatile compounds and the lower interf e re n c e s because of the more polar substances. Two equilibria are established: (i) between the sample and HS and (i i) between the HS and the SPME fiber.
The selectivity and sensitivity of this technique depends on the fiber composition (16, 23) . A wide range of commerc i a l fibers can be found, however, the polydimethylsiloxane (PDMS) is used more often (16) (17) (18) (19) 22) . Other fibers are used in wine analysis with different behaviors: polyacrilate (PA) is used for the more polar compounds (aldehydes and acids) (13) (14) (15) , but carbowax (CAR)-divinylbenzene (DVB) is useful to detect esters, acids, and volatile phenols (13, 24) . The first aim of this work is to try different commercial fibers to determine which of them is more useful to obtain a wide profile of the wine volatile compounds. Four diff e rent fibers were chosen (PDMS, PDMS-DVB, CAR-PDMS, and PDMS-DVB-CAR). The first (PDMS) is a nonpolar fiber, but the others are bipolar phase coatings. Using PDMS, the analytes are extracted by part itioning, but using bipolar fibers, the volatile compounds are physically trapped and may compete for the sites. The HS-SPME technique is applied to white and red wines, which d i ffer sensitively in their matrix composition. Red wine is elaborated by skin-contact fermentation. This wine-making technique furnishes a complex volatile profile to wine mainly because of post-fermentative aromas. Red wine, more o v e r, contains more phenolic compounds that could interact with volatile substances. Thus, it will be possible to estimate how the coating fiber affects to the volatile profile in function of the type of wine. No published studies of the suitability of four fibers (apolar and bipolar coatings) for both red and white wine were found. Then, the optimal conditions of temperature and extraction time, for the most adequate fiber, were assessed and the reproducibility and uptake of the method was determined.
hexenol, ethyl octanoate, 1-octen-3-ol, furfural, benzaldehyde, linalool, isobutyric acid, ethyl decanoate, butyric acid, γ-b u t y rolactone, α-terpineol, methionol, citronellol, 2-phenylethyl acetate, geraniol, hexanoic acid, benzyl alcohol, c i s and t r a n s whiskey lactones, 2-phenylethanol, 4-ethyl guayacol, octanoic acid, eugenol, 4-ethyl phenol, 4-vinyl guayacol, decanoic acid, and 4-vinyl phenol were purc h a s e d f rom Sigma-Aldrich and Fluka (St Louis, MO) with a purity higher than 98%.
A model wine was prepared using 11% ethanol, 6 g/L tartaric acid, 5 g/L glycerol, and 1 g/L glucose. This model solution was spiked with the standards solutions at usual concentrations in wine. 2-Octanol, methyl nonanoate, and 2-methylhexanoic acid were pre p a red in hydroalcoholic solution (11%) and used as internal standards in the following concentrations: 0.253, 0.059, and 0.748 mg/L.
Samples
Two wines were analyzed: a base wine elaborated with the traditional white varieties used to elaborate Cava (Spanish Sparkling wine) [Macabeu, Xarel·lo and Parellada, (1:1:1)] and a red wine aged in oak barrels (Tempranillo). Both samples were obtained from the Penedès region (Catalunya, Spain).
Equipment
A mechanical shaker and heater (Selecta, Abrera, Barc e l o n a , Spain) was used for the SPME extraction.
Chromatography
The gas chromatograph used was a 6890 GC (Hewlett P a c k a rd, Palo Alto, CA) equipped with a flame ionization detector (FID). The separation was performed with a TRWAX column (60-m × 0.25-mm × 0.25-µm) (Te c k n o k roma, Sant Cugat del Vallès, Barcelona, Spain).
Helium was used as a carrier gas with a constant flow of 1 mL/min. At the end of the extraction time, the fiber was exposed for 2.5 min in splitless mode at a maximum tempera t u re adequate of each fiber. The temperature program was held at 40°C for 2 min and increased at 2ºC/min to 225°C. The t e m p e r a t u re of 225°C was maintained for 15 min. Vo l a t i l e compounds were identified by comparison of their re t e n t i o n time with those of the pure standard s .
SPME fiber coatings
Three of the four coatings used were the commercial Kit 4 of Supelco (Bellefonte, PA), which contained 10 mm PDMS (100 µm), 10 mm PDMS-DVB (65 µm), and 10 mm CAR-PDMS (75 µm), as recommended for flavors and odors. PDMS is the absorbent-type fiber more often used for grapederived products and specially used for nonpolar compounds, yet PDMS-DVB and CAR-PDMS have adsorbent and bipolar characteristics.
M o re o v e r, according to the catalog recommendations, a triple-phase fiber was chosen. The 20 mm CAR-DVB-PDMS consisted of a layer of DVB suspended in PDMS over a layer of CAR suspended in PDMS. Because the coatings were layered, the larger analytes were retained in the pores of the outer DVB l a y e r, and the smaller analytes migrated through this layer and were retained by the micro p o res in the inner layer of CAR. This fiber expanded the analyte's molecular weight and enabled the extraction of the analytes at trace level. There was a re d u ction of the amount of analyte retained compared with the thicker single adsorbent, but this is suitable for many analyses. Thus, this triple phase has bipolar characteristics, due to the absorbent and adsorbent capacity of their components. The most volatile analytes may compete for the sites, and the fiber has limited adsorbent capacity. To enhance the two extraction capacities (adsorbent and absorbent) the largest fiber (20 mm) triple phase is more suitable (25) .
Extraction conditions
The extraction was perf o rmed in the HS mode with magnetic stirring. Five milliliters of sample was spiked with 50 µL of i n t e rnal standard solution and was placed in a 10-mL vial (re ference 27385) with a Teflon septum. An amount of 1.25 g of NaCl was added in order to increase the concentration of volatile compounds in the HS. Prior to extraction, the sample was shaken in a water bath at the work temperature for 20 min in order to achieve the equilibrium.
Time exposure
Different exposure times of the fibers to the sample HS (10, 25, and 40 min) were evaluated. The analyses were realized in duplicate in red wine with PDMS-DVB-CAR fiber setting and a sample temperature at 35ºC.
Temperature
The temperature effect on the extraction of wine volatiles was studied in the red wine sample at 25°C, 35°C, and 60ºC. The extraction was perf o rm e d in duplicate with PDMS-DVB-CAR during 40 min.
Identification and quantitation
Compounds were identified (Table IA and IB and Figure 1 ) by comparison of their retention times with those of pure standard compounds. The are a responses of every fiber were evaluated in triplicate in the two types of samples studied (white and red wine) (Table IA and IB) . Quantitation was perf o rmed using the intern a l standard (IS) method. For the construction of the calibration curves, four different concentrations of the standards solutions were injected in triplicate at different concentrations as specified in Table II . The slope (a), intercept (b), and linearity were calculated using the following equation:
w h e re y was the relative area (area com- Table IA and IB.
p o u n d / a rea internal standard) and x the relative concentration (concentration compound/concentration internal standard). R e p roducibility of the method was calculated in triplicate in both wines (white and red), to show the precision of the method in a wide range of concentrations [expressed as perc e n t relative standard deviation (%RSD)]. The uptake was performed by adding 20 µL of a standard solution to each type of wine (controls). The amounts of volatile compounds in contro l and spiked wines are shown in Table III . These concentrations were calculated by applying the calibration curves reported in Table II .
Results and Discussion

Selection of the fiber
The Table I shows the area value of the aroma compounds, and the number of aroma compounds d e t e rmined using the diff e rent fiber fro m red (Table IA) and white wine (Table IB) . The time and extraction temperature used w e re 40 min and 35°C, re s p e c t i v e l y. In both wines, the number of compounds detected was higher using the triple phase f i b e r. In fact, some acids and terpenes were detected using only the fiber cited previously. There were not significant differences in the RSD (%) values between the diff e rent fibers tested, except for PDMS, which showed higher values. Decanoic acid is the volatile compound that shows the higher value of RSD (%) using the four fibers tested; ethyl hexanoate, ethyl decanoate, and hexyl acetate are also compounds with a high RSD (data not shown).
The fiber that shows the best response is the triple phase PDMS-DVB-CAR. Using this type of fiber, 76% of the area results were higher than the other fibers tested. Only hexyl acetate, hexanol, c i s-3 -hexenol, and benzaldehyde in both wines w e re better extracted with PDMS-CAR. The responses of PDMS and PDMS-DVB w e re sensitively lower than the other two fibers (Table IA and IB) .
Extraction conditions
F i g u re 2 shows the normalized percentage of the area values for some volatile compounds in the sample of re d wine at diff e rent extraction times of 10, 25, and 40 min using a temperature of 35°C. The extraction of more volatile analytes (with lower retention time) was similar among the three times tested, while the extraction of less volatile compounds was higher, increasing the time of e x p o s u re. This diff e rent behavior could be attributable to the diff e rent time nece s s a ry to achieve the equilibrium. For the more volatile substances, 10 min extraction was sufficient, but for the less volatile compounds longer extraction time was re q u i red. F i g u re 3 shows the normalized percentage of the area values of some volatile compounds using different extraction temp e r a t u res (25°C, 35°C, and 60ºC) for 40 min. It could be observed according to Whiton (24) that the less volatile compounds are better extracted at 60°C. On the other hand, the extraction of the more volatile compounds decreases incre a s i n g temperature, except the diethyl succinate and 2-phenylethyl acetate (with higher retention time). This trend could be attributable to a decrease of the fiber/HS partition coefficient at higher temperatures (26) . In conclusion, for the extraction of volatile compounds of wine, the conditions of 35°C for 40 min were evaluated as better.
In Table II it could be observed that the linear regressions (r 2 ) were satisfactory for all compounds, in fact several of them were higher than 0.999. The method was useful for the determination of volatile compounds of wine according to the wide range of concentrations used to calculate the linear re g re s s i o n . These equations (Table II) were used to quantitate the amount of the each compound in red and white wines (Table III) .
In order to estimate the suitability of the proposed method to determine the volatile compounds of white and red wine, reproducibility and uptake were carried out (Table III) . The re p roducibility values, expressed as RSD (%), are mainly lower or similar at 5%, and this result is satisfactory following the Horwitz criteria (27) . The spiked amounts found are also satisfactory in both types of wines. Concentrations of the volatile compounds found in the spiked wines were statistically more significant than those found in nonspiked wines. Furt h e rm o re , the obtained amounts calculated using the internal standard method were reasonable according to the added amounts (Table III) .
Conclusion
An HS-SPME method for the determination of aroma compounds in wines has been proposed. The utilization of PDMS-DVB-CAR fiber for 40 min at 35°C were the best extraction conditions for both white and red wines. The suitability of the method (re p roducibility and uptake) for both types of wine has been established. The method is easy, economic, and environmentally safe, and it was demonstrated that it was useful for the determination of the wine aroma. 
